The condensation of 2-aminothiophenol with aliphatic aldehydes in the presence of 4Å molecular sieves, followed by oxidation with silica gel supported pyridinium chlorochromate offers a simple and efficient route to 2-alkylbenzothiazoles.
INTRODUCTION
Development of a straight forward method for synthesizing benzothiazoles and their derivatives is desired, since compounds containing benzothiazole moiety exhibit an array of biological activities, including, anticancer 1 , antimicrobial 2 , antituberculosis 3 , antihypertensive 4 , antiulcer 5 , and also can be used as chemiluminescent agents 6 and photosensitizers 7 . Treatment of 2-aminothiophenol with aldehydes in the presence of catalysts such as RuCl 3 , 8 Pt/Al 2 O 3 , 9 CdS nanosphere (CdSNS) 10 , cetyltrimethyl ammonium bromide (CTAB) 11 , 3,6-di(pyridine-2-yl)-1,2,4,5-tetrazine (pytz) 12 , bakers' yeast 13 and glucose oxidase (GOX)-chloroperoxidase (CPO) 14 have been reported to give various 2-arylbenzothiazoles and some 2-alkylbenzothiazoles in satisfactory yields. In searching for an efficient catalyst-free synthesis of 2-substituted benzothiazoles, it was found that condensation of aromatic aldehydes with 2-aminothiophenol under melt reaction conditions afforded good to excellent yields of 2-arylbenzothiazoles under solvent-free conditions with no need of a catalyst. The reaction of aliphatic aldehydes, on the other hand, gave 2,3-dihydro-2-alkylbenzo[d]thiazoles as the sole products 15 .
We have examined the reaction of aliphatic aldehydes with 2-aminothiophenol and report herein our simple and efficient route to 2-alkylbenzothiazoles.
EXPERIMENTAL
Solvents were purified according to standard methods prior to use, while all other chemicals used were commercially available and used as received. Melting point was measured on a Sanyo Gallenkamp melting point apparatus and compared with that of known sample. IR spectra were recorded on a Perkin Elmer Spectrum One FT-IR Spectrometer.
1 H and 13 C NMR spectra were recorded using a VARIAN MERCURY plus (400 MHz FT NMR).
General procedure for the preparation of 2-alkyl-2,3-dihydrobenzo[d]thiazoles
To a stirred solution of aliphatic aldehyde (7.5 mmol) in dichloromethane (7.5 ml) was added 4Å molecular sieves (5.0 g). 2-Aminothiophenol (1) (0.63 g, 5.0 mmol) was added dropwise to the mixture and stirred altogether at room temperature for 1.5 -2 h. After completion of the reaction, the reaction mixture was filtered to remove the molecular sieves. The solvent was evaporated under reduced pressure. The residue was purified by column chromatography on silica gel with 10% ethyl acetate/hexane as eluant to give the 2-alkyl-2,3-dihydrobenzo[d]thiazole.
2-Propyl-2,3-dihydrobenzo[d]thiazole (3a)
Yellow liquid; FTIR (neat, n, cm 
2-Ethyl-2,3-dihydrobenzo[d]thiazole (3c)
Preparation of silica supported PCC
The solid supported PCC was prepared by a procedure reported in the literature. 13 To a solution of PCC (23.5 g, 109 mmol) in acetone (109 ml) was added silica gel 70 -230 mesh (109 g) and the mixture was stirred at room temperature for 3 h. After removal of the solvent under reduced pressure, the resulting solid was dried at 100 o C for 2 h.
General procedure for the preparation of 2-alkylbenzothiazoles
To a stirred suspension of PCC on silica gel (2.6 g, 2.2 mmol) in dichloromethane (10 ml) was added 2-alkyl-2,3-dihydrobenzothiazole (2.0 mmol) and the mixture was stirred at room temperature for 30 min. After completion of the reaction, the resulting mixture was filtered on a thin Celite pad. The filtrate was poured into water and extracted with ethyl acetate (3X20 ml). The organic layer was dried (anh.Na 2 SO 4 ), filtered, concentrated, and purified by column chromatography on silica gel using 10% ethyl acetate/hexane to give the 2-alkylbenzothiazole.
2-Propylbenzothiazole (4a)
2-Isopropylbenzothiazole (4d)
2-Hexylbenzothiazole (4e)
RESULTS AND DISCUSSION
We initially performed the reaction of 2-aminothiophenol (1) 
Scheme 2
Treatment of 2-aminothiophenol (1) with aliphatic aldehydes 2b-g in CH 2 Cl 2 in the presence of 4Å molecular sieves at room temperature for 1.5-2 h also gave excellent yields of the corresponding 2-alkyl-2,3-dihydrobenzo[d]thiazoles 3b-g, as illustrated in Table 1 .
Since pyridinium chlorochromate (PCC) supported on silica gel have been successfully used as an oxidant for the oxidative cyclization of thiophenolic Shiff's bases in CH 2 Cl 2 , 18 we therefore treated 2-alkyl-2,3-dihydrobenzo[d]thiazoles 3a-g with silica gel supported PCC in CH 2 Cl 2 at room temperature. As shown in Scheme 3, this treatment afforded excellent yields of the corresponding 2-alkylbenzothiazoles 4a-g in 20 min.
CONCLUSION
The present two-step procedure involving condensation between 2-aminothiophenol and aliphatic aldehydes in the presence of 4Å molecular sieves followed by oxidation of the obtained 2-alkyl-2,3-dihydrobenzo[d]thiazoles using pyridinium chlorochromate (PCC) supported on silica gel as oxidizing agent provides a simple and efficient route to 2-alkylbenzothiazoles.
